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ABSTRACT 
The anti-ulcer activity of Musa paradisiaca aqueous unripe fruit extract was investigated in 
rats in which ulcer was induced using indomethacin. Thirty six adult albino rats were divided 
into 6 groups of 6 rats each. Group 1 received 0.2ml normal saline and served as the control. 
Group 2 was treated with 32mg/kg cimetidine, groups 3, 4 and 5 were treated with 5, 10, and 
20ml/kg of the extract respectively while group 6 consisted of normal rats in which ulcer was 
not induced. Thirty minutes after treatment, ulcer was induced in all animals in groups 1 to 5 
with an oral dose indomethacin (40mg/kg). Two hours later all animals were sacrificed and the 
stomach of each was opened along the greater curvature for ulcer scoring and histological 
analysis. Result obtained indicate significant (p<0.05) reduction of ulcers index in all animals 
treated with Musa paradisiaca aqueous unripe  fruit extract with 5, 10 and 20ml/kg lowering 
ulcer index from 9.17±0.32 in the control group to 5.95±0.14, 2.22±0.16, and 0.64±0.02 
respectively  and offered percentage protections of 35.11, 75.79 and 93.02% respectively, an 
effect which was higher than that of cimetidine (33.91%). The study therefore shows that Musa 
paradisiacal aqueous unripe fruit extract may contain principles with strong cytoprotective 
activity in the stomach mucosa and could be of value in the prevention/treatment of gastric 
ulcers and its associated discomforts.   
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Ulcers, whether peptic, oesophageal or duodenal has become an endemic global problem with the developing 
countries experiencing the scourge in much greater dimension. It is reported that in the United States approximately 
1 in every 54 persons (1.84%) have ulcer (Das et al., 2008). With this report the incidence rate in the developing can 
only be imagined. Ulcer occurs due to the breakdown of the body’s mucosal defence. Peptic ulcer is a lesion of the 
gastric mucosa and duodenal mucosa occurring at a site where the mucosal epithelium is exposed to acid and pepsin, 
the imbalance between the gastric acid secretion and gastric mucosal integrity being the precipitating factor 
(Hemamalini et al., 2012). Factors such as stress, smoking, nutritional deficiency, ingestion of non steroidal anti-
inflammatory drugs (NSAID’s), prolonged anxiety, emotional stress, hemorrhagic surgical shock, burns and trauma 
are among the common causes (Hemamalini et al., 2012; Osim, 2002). Genetic factors have also been implicated 
(Musumba et al., 2009). Infection with Helicobacter pylori, a bacterium which disrupts the protective barriers of the 
gastric mucosa is yet another major cause of ulcer (Osim, 2002). Treatment is therefore aimed at inhibiting gastric 
acid secretion and enhancing mucosal resistance to acid in addition to eradicating Helicobacter pylori. 
 
Many anti-ulcer agents have over the years been developed but their usefulness has been limited by numerous side 
effects, making a very large population of the world to rely mostly on herbal medicines. It has indeed been reported  
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that about 70% population in developing countries relies on traditional medicine for their primary healthcare needs 
(Marslin et al., 2013). Many plants and plants’ products are today being studied for medicinal properties. Musa 
paradisiaca is one of such plants. 
 
Musa paradisiaca (plantain) is a tall plant 3-10m with a conical false trunk formed by leaf sheaths of its spirally 
arranged leaves which are 1.5 to 3m long and about 0.5m wide. The fruit is usually green and has a high starch 
contents (en.wikipedia.org/wiki/musa). The unripe fruit extract have been used to treat diarrhoea while the juice has 
been used  as antidote to snake bite and to treat diseases including asthma, burns, diabetes, dysentery, headache,  
hemorrhage, intestinal parasites, sores, ulcers and bacterial infections (en.wikipedia.org/wiki/musa).  
 
Chemical analysis of the unripe fruit extract revealed the presence of tannins, eugenol, tyramine, serotonin, 
alkaloids, steroidal lactones, iron, potassium, calcium, phosphorus and nitrogen (Phicona et al., 2001; Alabi et al., 
2003). 
 
This present study was designed to investigate the anti-ulcer activity of Musa paradisiaca aqueous unripe fruit 
extract (MAFE) in animal experimental model with a view to verify traditional claims. 
 
MATERIALS AND METHODS 
Collection of plant material and preparation of fruit extract 
Fresh unripe Musa paradisiaca fruits were obtained from a local dealer in World Bank Housing Estate, Umuahia. 
Two of the fruits were debarked and were chopped into small slices. The slices weighing 100g were transferred into 
a sterile bottled containing 500ml of clean water. The mixture was gently shaken at 1 hour intervals and was allowed 
to stay overnight. The resulting colloidal extract was collected in the morning and was used for the experiment. This 
was done to agree with the form in which the extract is consumed by local users as remedy for ulcer. 
 
Animals 
Thirty six (36) albino rats (120-140g) were used for the study. The rats were obtained from the animal house of the 
College of Veterinary Medicine, University of Nigeria, Nsukka and were allowed to acclimatize for two weeks in 
aluminium cages. They were fed with standard feed (Vital feed, Nigeria) with water ad libitum, but starved for 48 
hours before commencement of the experiment. All experiments were carried out in accordance with NIH guidelines 
for care and use of laboratory animals (Pub. No. 85-23) revised 1985 as expressed by Akah et al.,( 2009). The 
experiment was carried out in the Physiology laboratory of the Department of Physiology, Pharmacology, 
Biochemistry and Animal Health, Michael Okpara University of Agriculture, Umudike, Nigeria. 
 
Effect of Musa paradisiaca aqueous green fruit extract (MAFE) on indomethacin induced gastric ulcer in rats 
The rats were divided into 6 groups of 6 animals each. Groups 1 and 6 were given 0.2ml normal saline. Group 2 
received 32mg/kg cimetidine. Groups 3, 4 and 5 received MAFE at the doses of 5, 10 and 20ml/kg body weight 
respectively. Thirty minutes after treatment, all animals in groups 1 to 5 were given 40mg/kg Indomethacin to 
induce ulcer. Ulcer was not induced in group 6 rats. All administrations were done via the oral route. Two hours 
after Indomethacin administration, all animals were sacrificed by cervical dislocation. The stomach was carefully 
isolated and incised along the greater adventure and examined for ulcers. Ulcer index was scored and percentage 
protection calculated using the methods of Hemamalini et al., (2012). 
 
Scoring for ulcer 
Normal Stomach  = 0 
Red Colouration  = 0.5 
Spot ulcers  = 1 
Haemorrhagic streaks =         1.5 
Ulcers > 3mm < 5mm = 2 
Ulcers > 5mm                     =          3 
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Ulcers index  = UA+US+UP 
                                                               10 
 
Where : 
UA = Average number of ulcers per animal 
US = Ulcer severity score 
UP = Percentage of animals with ulcers 
UP = Total ulcers in a group x   100 
  Total number of Animals             1 
 
Percentage inhibition of ulcer was calculated using the method of Hemamalini et al., (2012) expressed as: 
 
Percentage inhibition  = UIC - UIT x 100 
         UIC       1 
Where: 
UIC = Ulcers index of control group 
UIT = Ulcer index of test group 
 
Histopathology 
The isolated and incised stomachs were after physical examination fixed in a 10% formalin solution and prepared 
histologic examination using the methods of John and Alan (1977) and Clayden, (1967). The photomicrographs of 
slides were observed under the microscope with magnifications of x 400 and x 100. Selected images were captured 
using a moticam 2.0 digital camera attached to a computer. 
 
Statistical Analysis 
Data were analyzed statistically by application of student’s t-test using SPSS version 17 software and presented as 
means + standard error of mean (SEM). Values of p<0.05 were considered to be statistically significant. 
 
RESULTS 
Effects of MAFE on Indomethacin Induced Ulcer 
All doses of MAFE significantly (p<0.05) inhibited the degree of ulceration observed in the control group as 5, 10 
and 20ml/kg body weight lowered ulcer indices from 9.17+0.32 in control to 5.95+ 0.14,  2.22 ±0.16 and 0.64+0.02 
respectively. MAFE at all doses also gave a better protection to the stomach mucosa with percentage protections of 
35.11, 75.79 and 93.02% when compared to the 33.91% offered by cimetidine (Table 1). The mucosal epithelia of 
all rats treated with 20ml/kg MAFE were similar to those of the normal control rats. 
 
Table 1: Effect of MAFE on Indomethacine induced ulcer in rats 
Group Treatment Ulcer Index % Protection 
1 Ulcerated control 9.17+0.32 - 
2 Cimetidine 32mg/kg 6.06+0.09 33.91 
3 MAFE 5m/kg 5.95+0.14 35.11 
4 MAFE 10ml/kg 2.22+0.16 75.79 
5 MAFE 20ml/kg 0.64+0.02 93.02 
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Figures1 A-F: Showing the anti-ulcer activity of MAFE in experimental rats 
A: Showing marked lacerations of the stomach mucosa of rats in which ulcer was induced with indomethacin without any pre-treatment (ulcerated control) 
B: Showing effect of cimetidine on indomethacin induced ulcer with a level of protection 
C: Effect of MAFE (5ml/kg) on indomethacin induced ulcer with little protection 
D: Effect of MAFE (10ml/kg) on indomethacin induced ulcer with increasing protection 
E: Effect of MAFE (20ml/kg) on indomethacin induced ulcer with high protection 
F: Showing the stomach mucosa of rats in which no ulcer was induced (normal control) 
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Figures 2 A-F: Photomicrograph showing the histology of mucosa in the untreated and MAFE treated experimental rats 
 
A:  Ulcerated untreated rat showing mucus cell without intracellular glandular mucin production but with moderated surface epithelial mucus production. 
B: Cimetidine pretreated showing some improvement in intracellular glandular mucin production and surface epithelial mucus. 
C: MAFE (5ml/kg) pretreated rats showing some improvement in intracellular glandular mucin production and surface epithelial mucus. 
D:  MAFE (10ml/kg) showing highly improved intracellular some glandular mucin production and surface epithelial mucus production. 
E: MAFE (20ml/kg) showing greatly improved intracellular glandular mucin production and surface epithelial mucus indicating a high level of protection. 
F: A normal rat showing intracellular glandular mucin production and abundant epithelial mucus production    
A B C 
D E G 
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Results of this study have shown that aqueous extract of green unripe fruit extract of Musaparadisiaca has strong 
antiulcer activity and offered a significant level of protection against indomethacin induced gastric ulcers. 
Indomethacin, an indol derivative, non steroidal, anti-inflammatory, analgesic and antipyretic agent became the first 
drug to produce ulcers in experimental animals. Although the mechanism of ulcers induction by indomethacin is not 
completely known, gastric damage via inhibition of the release of protective factors like cyclo-oxygenase enzyme, 
prostaglandins, bicarbonate and mucus and increasing aggressive  factors like acid, oxidant parameters with 
corresponding decrease in antioxidant parameters have all been suggested (Suleiman et al., 2010; Musumba et al., 
2009; John, 2000). Morsy and Fouad, (2008) had reported the increase of gastric mucosal lesions, gastric acid 
output, increased pepsin activity and rise in nitric oxide and free radical levels as part of mechanism responsible for 
indomethacin induced ulcers. Prostaglandins have been reported to be key factors in mucosal cytoprotection and 
achieve this by exerting positive influence on mucus and bicarbonate secretion on surface epithelial cells, mucosal 
circulation, prevention of hemorrhagic lesion and accelerating platelets aggregation. By these effects, prostaglandin 
protects the mucosa from ulceration (Ananya et al., 2012). Moreover, free carboxyl group present in all NSAIDs 
form a strong electrostatic bond with positively charged head of Zwitterionic phospholipids of mucus layer, such 
that the resulting increase in the solubility of the phospholipids neutralises its surface activity and topically act on 
tissue to disrupt the hydrophobic protective lining of the mucus gel layer leading to ulcerations (Al-Harbi et al., 
1995). These reports on indomethacin ulcers induction ability agrees with the findings of this work as rats 
administered 40mg/kg body weight indomethacin without pre-treatment with any anti-ulcers  agent all showed 
marked haemorrhagic erosion of the stomach  mucosal layer with deep ulcerations (Fig. A). 
 
Oral pre-treatment with MAFE revealed a dose dependent antiulcer activity, offering significant protection against 
indomethacin induced gastric ulcerations (Figures 1 C, D, E and 2C, D, E). These results therefore suggest that 
MAFE contains principles with anti-ulcer and mucosa protective activities. The results agree with Lewis et al., 
(1999), Kumar et al., (2013) and Ojewole and Adewumi,(2003) who reported that Musa paradisiacal extracts has 
hypoglycaemic and anti-ulcer properties. The presence of flavonoids and saponins in the extract has also been 
reported (Lewis et al., 1999). Flavonoids have been implicated in wound healing, cellular regeneration and 
cytoprotection (Lewis et al., 1999; Kumar et al., 2013). This could be responsible for the observed anti-ulcer effect 
of MAFE. MAFE may also have achieved this cytoprotective effect by enhancement of the release of protective 
factors like cyclo-oxygenase, prostaglandin, bicarbonate, mucus, antioxidant parameters, increased mucin 
concentration, preventing the rise in nitric oxide levels, scavenging free radicals and increasing gastric mucosal 
blood flow. These mechanisms have indeed been implicated in ulcer healing and prevention/control (Hemanmalini 
et al., 2012; Ananya et al., 2012; Adewoye and Salami, 2013). By these effects MAFE could have provided 
sufficient protection from gastric acidity occasioned by indomethacin administration and increased the resistance of 
the stomach mucosa to gastric erosion leaving the anticholinergic,  antihistamine and antimicrobial pathways for 
further studies, although a pilot study revealed no anticholinergic activity. 
 
CONCLUSION 
In conclusion, this study has shown that the aqueous extract of Musa paradisiaca green fruit extract contain 
principles with antiulcer  activity and that oral administration of the extract can be quite valuable in the prevention 
and treatment of ulcer and can help ulcer patients avoid the numerous side effects associated with the use of 
orthodox antiulcer agents.               
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